Abstrct The purpose of this study was to evaluate the efficacy and safety of rivaroxaban for the treatment of cancer-associated venous thromboembolism (VTE).
Introduction
Cancer patients have a significantly higher risk of developing venous thromboembolism (VTE) compared to the general population; it was a leading cause of morbidity and mortality in cancer patients. [1] The management of cancer-associated VTE is challenging due to the relatively high risk of recurrence of VTE and increased risk of major bleeding in this patient population compared to VTE patients without cancer. [2, 3] Current guidelines still recommend that the initial treatment for cancer-associated VTE be carried out with low-molecular-weight heparin (LMWH) over a vitamin K antagonist (VKA), dabigatran, rivaroxaban, apixaban, or edoxaban. [4] However, there are many issues with LMWH use, such as high drug cost, impaired quality of life, difficultly of a parenteral injection, and the risk of heparininduced thrombocytopenia. [5] Rivaroxaban, a direct oral anticoagulant (DOAC) which inhibits factor Xa, was approved for the treatment of VTE in 2013 based on 2 pivotal trials (EINSTEIN-DVT and EINSTEIN-PE), which demonstrated that rivaroxaban was equally as efficacious as heparin with significantly lower bleeding rates for the initial treatment and secondary prevention of symptomatic VTE. [6, 7] However, both of the trials enrolled a limited number of cancer patients and the details of their malignancies were not collected. Rivaroxaban offers an alternative anticoagulant for the patients with cancer, and the benefit of an oral formulation is it does not require monitoring and has less interactions with the patients' diet and other drugs. [8] The efficacy and safety of rivaroxaban in cancer patients is not well established, which has limited the use of rivaroxaban in clinical practice.
Rivaroxaban is approved for the treatment of VTE in the general population, but there are insufficient guidelines on its safe and effective use for VTE in patients with cancer. Since major clinical trials comparing DOACs to LMWH for cancerassociated VTE are underway, we have evaluated the efficacy and safety of rivaroxaban in patients with cancer-associated VTE.
Method

Patients
We performed a retrospective chart review of active cancer patients over 18 years of age with a pulmonary embolism (PE), deep vein thrombosis (DVT), or both. Our analysis included all patients who received either an outpatient prescription or an inpatient order for rivaroxaban between March 2013 and June 2016 at the Hemato-Oncology Division at the Pusan National University Hospital in Busan, Korea. The usual initial dose of rivaroxaban was 15 mg orally twice daily for 3 weeks followed by 20 mg once daily for 6 months. Active cancer was defined as a cancer diagnosed within 6 months before the index VTE, recently recurrent or progressive cancer or any malignancy that required curative or palliative treatment within the previous 6 months. The malignant disease was grouped as either a solid or hematologic malignancy. VTE was classified as incidental, if VTE was detected on CT scans ordered for reasons other than suspected VTE (during cancer staging, treatment evaluation, or cancer recurrence detection), or symptomatic.
The study protocol was approved by the Institutional Review Board (IRB) of Pusan National University Hospital, Busan, Korea. The need for informed consent was waived by the IRB.
Clinical data
The medical charts of all eligible patients were reviewed for the following data: demographic details, sex, age, weight, height, diagnosis, cancer type, cancer stage, treatment, date of diagnosis, baseline laboratory results of patients, period of taking rivaroxaban, type of VTE, resolution, recurrence, occurrence of major bleeding or minor bleeding, and date and cause of death. In addition, the following risk factors for VTE were recorded at baseline: immobilization (confinement to bed or chair for >75% of the time for at least 2 weeks before the VTE event), major surgery in the 4 weeks before VTE, active chemotherapy or hormone therapy, and obesity (body mass index >30 kg/m 2 ).
Outcomes
All patients were retrospectively reviewed. The end point of this study was all-cause mortality.
Recurrent PE was defined as a new intraluminal filling defect on a pulmonary angiography or CT pulmonary angiography. Recurrent DVT was confirmed if a new thrombus was clearly identified by CT angiography or ultrasonography.
Major bleeding was defined as overt bleeding plus a hemoglobin decrease of ≥2 g/dL, transfusion of ≥2 units of packed red blood cells, or intracranial, intraspinal, intraocular, retroperitoneal, pericardial, or fatal bleeding. [9] Minor bleeding was defined as overt bleeding that did not meet criteria for major bleeding.
Statistical analysis
All statistical analyses were performed using the SPSS software, version 18.0 (SPSS Inc., Chicago, IL). Statistical assessment was carried out using the Student t test for continuous variables and the Fisher exact tests for binomial variables, with a value of P < .05 considered to indicate statistical significance.
Results
Over the length of this study, a total of 123 patients managed with rivaroxaban for the treatment and secondary prevention of cancer-associated VTE were enrolled. The median age of patients was 66 years (range: 18-86 years old) and 57.7% of patients were female. Of all patients, 91.9% had solid tumors and 83.2% had metastatic disease. The median duration from the diagnosis of cancer to the diagnosis of VTE was 550.96 days (range 1-4409 days). The median duration of treatment with rivaroxaban was 92.25 days (range 2-406 days). The baseline characteristics are shown in Table 1 .
Both colorectal and lung cancer were the most frequent types of cancer (13.0%), followed by breast cancer (8.1%). The type of malignancy of the enrolled patients is shown in Table 2 . Other includes: melanoma (n = 1), thyroid cancer (n = 1), germ cell tumor (n = 1), prostate (n = 1), vulvar (n = 1), myeloma (n = 1), appendix (n = 1), hepatocellular carcinoma (n = 1) and brain (n = 1). CUPS = cancer of unknown primary site. The overall characteristics of patients with VTE are shown in Table 3 . A total of 53 patients (43.1%) presented with isolated PE, 55 patients (44.7%) presented with isolated DVT, and 17 patients (13.8%) presented with both. Among the patients with DVT, the most common presenting site was the common femoral or iliac vein (43.1%). Of the 123 patients, 52 (42.3%) were classified as having incidental VTE and 71 (57.7%) as having symptomatic VTE. In patients with symptomatic VTE, the most common presenting symptom was dyspnea. The majority of the incidentally diagnosed DVT were detected by CT scans performed for the diagnosis, staging, or treatment response evaluation of the malignancy. Most patients (91.9%) were receiving chemotherapy at the time of the VTE diagnosis.
We performed additional analyses to determine the incidence of recurrence, bleeding risk, and mortality according to the presence or absence of symptoms at the time of the VTE diagnosis. The patients were divided into 2 groups: incidental and symptomatic VTE. There were no significant differences between the 2 groups in terms of the variables, except for D-dimer. The D-dimer level was significantly higher in patients with symptomatic VTE (P = .002). During follow-up, symptomatic VTE recurrence was diagnosed in only 1 patient. Two patients with incidental VTE and 4 patients with symptomatic VTE had major bleeding. There were 52 deaths (42.3%) during follow-up, none of which were because of VTE or a bleeding complication. The majority of deaths were a result of cancer progression. The characteristics of patients according to their symptoms at the time of VTE diagnosis are shown in Table 4 .
Six patients experienced major bleeding events and 12 patients experienced minor bleeding events. The majority of bleeding events occurred spontaneously and most bleeding events could be treated conservatively.
Overall, 52 patients died with the most common cause of death being cancer progression. No deaths were owing to VTE or bleeding complications. Figure 1 shows the Kaplan-Meier cumulative survival curve for patients who were diagnosed with incidental versus symptomatic VTE. In both groups, the median overall survival duration was not significantly different (incidental VTE: 39.83 months, symptomatic VTE: 51.83 months, P = .959). A comparison of the cumulative risk of bleeding according to the symptom status at the time of the VTE diagnosis showed no significant differences between symptomatic and incidental VTE events (Fig. 2 ).
Discussion
The results of our study suggest that rivaroxaban may be a safe and effective therapy for the treatment of cancer-associated VTE. In 123 patients, the mean age was 66 years. Of all patients, 83.2% had metastatic disease and approximately 92% of patients were receiving chemotherapy. We observed that the cumulative risk of recurrence after anticoagulation was 1.8% and the rate of a major bleeding complication was 4.9%. The risk of recurrence in this study is promising compared to a rate of approximately 7.2% to 9% observed in active cancer patients treated with LMWH in the CLOT and CATCH trials. [10, 11] Another prospective cohort study that evaluated the safety and effectiveness of rivaroxaban for the treatment of cancerassociated VTE reported a similar rate of VTE recurrence (4.4%) and a major bleeding rate of (2.2%). [12] In the Mayo Thrombophilia Clinic direct Oral Anticoagulants Registry, there were no differences in VTE recurrence, major bleeding, or all-cause mortality in patients receiving rivaroxaban or enoxaparin for 3 to 12 months. [13] And 1 meta-analysis data suggest that rivaroxaban is as effective and safe for the prevention of recurrent VTE in patients with cancer compared to enoxaparin. [14] The rate of major bleeding observed in this study was 4.9% and the gastrointestinal tract was the main site of major bleeding in our study population. Therefore, the use of rivaroxaban in patients with a vulnerable mucosal lesion on unresectable primary tumors of the gastrointestinal tract needs to be avoided.
Clinically, incidental VTE diagnosed on CT scans with higher resolution and sensitivity is a relatively common problem in the oncologic population. [15] Therefore, we conducted a subgroup analysis to estimate the impact of VTE, both symptomatic and incidental, on the survival of patients with cancer. The management of incidental VTE remains controversial. [16] Previously published retrospective studies have demonstrated that incidental VTE is associated with similar rates of mortality and recurrent VTE as symptomatic VTE. [17, 18] This finding was in agreement with our study, and based on this, recently published guidelines recommend a minimum of 6 months of LMWH monotherapy for incidental VTE in cancer patients. [19] There are some limitations of our study. First, this is a retrospective cohort study which may introduce a selection bias and misdiagnosis or information bias. Second, a control group of cancer-associated VTE treated with LMWH was not available for comparison with rivaroxaban to evaluate the impact of risk factors for the recurrence of cancer-associated VTE or the major bleeding rate. Third, the total number of enrolled patients was relatively small. Larger studies will be required to provide more reliable estimates of efficacy, safety, and comparability to LMWH, the current standard of care. However, a direct comparison with LMWH may be difficult when oral medications, such as rivaroxaban, are approved for VTE treatment and are used in the general population. Until the data from a direct comparison become available, our study provides reassurance for the use of rivaroxaban for the treatment of cancer-associated VTE.
In conclusion, the results of our retrospective cohort analysis suggest that rivaroxaban can be considered a convenient option to treat patients with cancer-associated VTE. Additional prospective studies to compare rivaroxaban with LMWH in patients with cancer-associated VTE are warranted. 
